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(54) Rear projection image display device 

(57) A rear-projection image display device com- 
prising a light source, a display element for visual 
images, a projection lens and a screen for viewing vis- 
ual images projected on the screen from the rear, 
wherein the ratio d/a between the diameter d of the exit 
pupil of the projection lens and the projection distance a 
is 0.06 or less, said screen whereon visual images are 
displayed includes at least two diffusion elements 
(1.2.5.6). and light-diffusing fine particles are dispersed 
in one of the two diffusion elements (6) which is closest 
to the viewer. 
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Description 

The present invention relates to an image disp.ay device of rear-projection type which emerges and dispiays 

images projected thereon from the rear. element of a rear-projection image display 

Generally. CRTs (cathode-ray tubes) ar * 

3 inches at most in diagonal size as »te imag* .display *^ visual lma!ies are Reeled usually comprises a 
In the .eat-projection image display dances, the screen on »i™ v ' s ^' ' £ ^ „ fluses me light ^ 

Fre sne, lens wni* * «» T °' J5.t, 
formmg .mages. In the lenticular .\. ^ jffusinQ {ine partjc , es contained in the diffusion layer of the len- 

,n case a liquid crystal pane, or DMD is used as substantia.ly'equa. with 
so-called moire pattern which is stnpes in graded brightness if th len ftcutor ens a g jp inte rference 
that of the lens sheet used in the conventional rear-projec on ^^J^^'^Lhr lens sheet. In order to 
between the pixel structure of the liquid ^^^J^^^^^io structures should be made 
avoid occurrence of moire pattern, the d. fferenc ^e Jch ^ 

greater. Thus, attempts are being made to decrease the pitch of J^jJ^ 8 ^ thickness of the diffusion layer 
fens sheet becomes finer, its thickness 9 e " eral1 ^^^ of fine bright spots on the 

wh r " ~ us as the ,iquid 

screen, what is generally ivnuwi . «o ov, Hicniav dpvices become more compact. 

c ntTe'^ prior art and providin9 a rear - proiection 

image display device which reduces scintillation and produces h ^ ua ^™^ e according lo the present invention 
To achieve the above mentioned object, the ^^^^^^^Z viewing of images pro- 
comprises a light source, an image display .•'^ » ^ ^eenTe diameter d of the exit pupil of the 
jected on the screen from the rear In the display .device, the ratio d jveenthe a 

projection lens and the ^onj^ ™« 
As CRTs measuring 5 inches or more in * On the otheThand. in the rear-projection 

factors , ■ m t- r-t trr^m the ?tan(irioint of aeometrical optics and then of wave optics. 

Causes for scintillation will now be explained irst fr0 ^^ stan ^° J e °'^ cles in the diffusion element positioned 
Fig. 3A shows the path of the light incdent to the ^^ , ^^SSr' n A i snown in Fig. 3A. the light rays 
closest to the viewer when the exit pupil of the ' P^^« ^ 8 ^^^ays emerge from the portion indicated by 
enter a light diffusing fine particle at a somewhat la ge W*-"™-™^*'* of the light when the exit pupil of the 
a bold line in Fig. 3A toward the viewer. F.g^ 3B. °" *^ e ^ u ^ ^ ght sourC e). As shown in Fig. 3B. the 
i5 projection lens is smaller in diameter (such as when the I g sou ce is a po ^ ^ ^ 

light rays are emitted toward the viewer only from a ery j-mrted a rea o t 0 ^ rf 3A gnd 3B 

here that projection distance is the •"~^J^ a ^ e diffusing particles becomes bright if the exit 

respectively. As shown ,n F,g. 4A substantial! y e ^ntire surfa ce ott g ^ djameter js sma||ef 

pupil of the projection lens has a large exit pup *^ e ^^ 8 brloht> reS ulting in sharp contrast of brightness. 

so as shown in Fig. 4B. only a very limited area of tne P a ^ c es ™* ^ According to the present invention, at 
The present invention has been contrived on the basis of the above t nding. c y ^ 
.east two light diffusion elements are arranged in the direc on ^^^^g^S^t* source) side is emitted 
this construction, the light diffused by the diffusion e emen ^^^^ «Lr the light diffusion e»e- 
from the diffusion element at different angles. These Ugh i ^r^^^ mal ! i Q n the incident and emergent 

55 ment arranged closest to the emergent (viewer side. ^^^^^^ eiement on the incident side 

sides are distanced from each other. Since the ^^^^^^l, B incid ent side would be converged 
at different angles, those coming from var,ous points o the d ^ 

ZsTon^^ 
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occuttino at the incident side. Luminous ,|u* «ith an extreme* small <t/a ratio, i.e. smanec 

phenomenon will be described in detail by referring to Rgt 5A . and 5B . e(ement g op ^ 

in Fig. 5A. scattered light rays 7a and 7b ernrttad fwn th two parte P and u ^ ^ 

incident side reach the point A on the dft»on 6 S^SSn element 5 on the incfcient stfe 

P and Q is given as a- Referring to F.g. 5B where n the d.stanc ^ between tne anus ^ ^ 

and the diffusion element 6 on the emergent side 

points P' and Q' on the diffusion element 5 on the madent side reach he pant a o ^ (j nt 

P Thedistancebe^^^^^^^^^ 

rays 7a and 7b directed from the points P ana u p difference is observed in the phenomena taking place in 

from the points P" and Q" toward the pant A are <^;^ in the*ase of Fig. 

the cases shown in Figs. 5A value L is assigned as the coher- 

5A while no such pattern occurs m the case of F g^SB. giver .a < l < • wavelength of the light emitted 

ence length. This value is ^J^^^^^^^^S^ the incident side and the diffusion la- 

Wording to a preferred embodiment ot the p^ 

fusion element which is closest to the project™ '™^£.^X£nTon the incident side is set at a greater 
the viewer is ,5 mm or more. f the «^ 

^rTern^ 
"Tn^d^ 

prising a light source, an image display element, a projec » n "™ a ^ ™ e £ ess . Ligh t<iiffusing fine parti- 

Siameter d of the exit pupil of the projection lens and the *^~« f * ° ^ fine p^cles are made non- 

Z^^^^^^^" p Js of - ,i9 ~ 9 partic,es to come 

35 Ham rays incident thereon to be em.tted from phjjh <*nK of he parte e a, ^ ^ ^ on 

enters a spherical light-diffus.ng part,c e. rt « "^J^* , n Fig. 6. light rays are emitted from plural 

the other hand, parallel light is incident on a non-sphe ^J^*£^ the front, light rays are diffused at a greater 

. =SSE=KSi=s=s==- 

resins such as PMMA and st y rene , from , ne description of preferred embodiments taken in con- 

„ tZZSZ^tt^^ZS^ L. _ n^ers appeal in ,r,a, 
figures denote the same component parts. rear- D roiection image display device. 

55 diffuses the light rays forming .mages. A least ^J^!,^^ f he lenti ; ular , ens sheet respectively. The ten- 
be included in the lenticular lens sne * a,one '-|^^^ They may be in any form such as 

ticular lens and the Fresne. lens may have a s.ngl e ^ east t wo layers acting as the diffusion element on the 
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between 5 m to 1 5 m. more preferably between 6 m to 1 1 m. 

the light diffusing fine particles, and both of the lenses i anc \* as a contains the light 

«*. layer closer to .he light source *f '°™^ * * iC^unctiOhing es .he ditluslon 

tion as the diffusion elements <F» 1 J. '"^^^ the light diffusing fine par- 
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layer closer to the viewer contains the light diffusing fine particles, the said layer closer to the viewer functioning as the 
diffusion element (Fig. 1M). 

Comparative Example shown in Table 1 comprises two discrete members of a Fresnel lens and a lenticular lens, 
with the diffusion layer being provided only on the emergent side of the lenticular lens (Fig. 2). 
s Constructions of each of the Embodiments and Comparative Example are shown in Figs. 1 and 2 respectively 

(areas indicated by oblique lines are the diffusion element). Reference symbols representing different constructions 
shown in Fig. 1 are given in Table 1. 
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In the above Table 1, 0 represents Good and X represents unacceptable. 

Evaluation of scintillation was also conducted using a screen having the same construction as the Comparative 
Embodiment except that non-spherical glass particles having the mean particle size of 10 urn (obtained by crushing 
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glass beads) were dispersed in the lenticular lens. The result obtained was comparable to that for Embodiments 1 
through 13. 

Claims 

5 

1 . A rear-projection image display device comprising a light source, a display element for visual images, a projection 
lens and a screen for viewing visual images projected on the screen from the rear, wherein the ratio d/a between 
the diameter d of the exit pupil of the projection lens and the projection distance a is 0 .06 or less, said screen wher- 
eon visual images are displayed includes a first diffusion element arranged closer to the light source and a second 

io diffusion element arranged closer to the viewer, said second diffusion element containing light-diffusing fine parti- 
cles. 

2. The rear-projection image display device as claimed in Claim I wherein the distance between the light incident 
plane of one of the at least two diffusion elements which is closest to the light source and the light emergent plane 

75 of the diffusion element closest to the viewer is 1 .5 mm or more. 

3. The rear-projection image display device as claimed in Claim 1 or 2 which is provided with a screen comprising two 
discrete members of a Fresnel lens disposed closer to the light source and a lenticular lens disposed closer to the 
viewer, a diffusion element containing the light diffusing fine particles being provided in each of the said Fresnel 

20 lens and the lenticular lens. 

4. The rear-projection image display device as claimed in Claim 1 or 2 which is provided with a screen comprising a 
Fresnel lens disposed closer to the viewer and a flat diffusion plate disposed closer to the viewer, a diffusion ele- 
ment containing the light diffusing fine particles being provided in each of the said Fresnel lens and the flat diffusion 

25 plate. 

5. jhe rear- projection image display device as claimed in Claim 1 or 2 which is provided with a screen comprising a 
single member with a Fresnel lens on the light source side and a lenticular lens on the viewer side, a diffusion ele- 
ment containing the light diffusing fine particles being provided in each of the said Fresnel lens and the lenticular 

30 lens. 

6. A rear-projection image display device comprising a light source, a display element for visual images, projection 
lens and a screen for viewing visual images projected on the screen from the rear, wherein the ratio d/a between 
the diameter d of the exit pupil of the projection lens and the projection distance a is 0.06 or less, light-diffusing fine 

35 particles are dispersed in said screen whereon visual images are displayed, and said light-diffusing fine particles 
are shaped non-spherical so that, when the incident light rays are parallel, emergent light rays emitted from plural 
points on a light-diffusing fine particles can be all directed in the same direction. 



4C 



45 



50 



55 



EP 0 732 615 A1 



Fig. 1A 



TwjmI 1 



/ 



Fig. IB 

n 



\ T\ 



Fig. IE 



Fig. IF 



K£7 



Fig. 1J 



Fig. IK 




i 



j 



Fig. 2 




Fig. 1C 



i 



3 



i 2 

Fig. 1G 

£3 



/ 



I 

2 
3 

I 

v 



4 ' 




Fig. 1H 



n 



1 3 1 
Fig. 1L 



US 



Fig . 1M 



LJ 



Fig. II 



8 



EP 0 732 615 A1 




9 




10 



EP0 732 615 A1 



5 6 
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